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©  Process  (or  the  production  of  high  molecular  weight  copplymers  of  dlallyl  dimethyl  ammonium  chloride  and  acfyiamide  tn 

solution, 

f)  W$ter-solufale,  high  molecular  weight,  linear  copolymere  of  j 
allyl  dimethyl  ammonium  chloride  and  acrylarnWa  of  various 

cationicrties  are  prepared  by  copolymerization  of  a  major 
portion  of  the  acrylamide  monomer  via  stage-addijion  in  a 
solvent  solution  and  adding  a  chain  transfer  agent  at  the 
conclusion  of  said  copolymerization  to  .prevent  branching  and  - 
crosslinking  from  occurring. 
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Description Description 

10  water  solut*  polymers  thai  are  canonic  m  nature.  The  P°  * ™ r , f Z ^   ^ S T S e '   copdymsriatlor,  of 
produce,  water  soluble  polymers  that  are  essentially  non»n,c  W  n^r9'  ™  copolym.°s  Ling  various 
DADMAO  and  aorylamide  mor,om»r»  results  in  the  ! ° n r ™ ^ c f ™ ' e , ^ ° ™   «/ ,„ ,„  Ihe  final  oopolymer. 

,  dearees  ol  cationloity;  depending  upon  iha  amount  of  DADMAO  that  Is  " £ ° n » r " ~ J 3   USK  p"atent 

-   3 3 5 L S .   W S S J S i U i C K - i r S f S S   ~   """@>  —   » —   @  •  

temperature  above  the  boiling  point  of  the  solvent  
emulsion  polymerization  techniques "  cSpolymers  of  DADMAC  and  aCrylam,de  >  can  «tao  to  ? T ^   ^ t S V Z Z ^ o o U y ^   emulsion,  are 

in  accordance  with  the  teachings  of  U.S.  Patent  No. .^9g>j^  S t e " e ^ ^ _   slurf;ctants.  u.s.  Pat6nt 
^  prepared,  which  can  then  be  inverted  by  means  of  8 U ^ ' % ^ * ° P ^ ^ D ^ C   and  acrylamide,  which  can 

No.  4,070,930  discloses  the  preparation  of  stable  ^ ^ ^ f f i ^ ^ S S i l   an  improved  process  for 

The  monomer  utilized  must  have  a  greater  reactivity  ^ ^ ^ r ^ ^ g M   water-solub!e,  linear 
"  

^ r o ? r s ; s = ^  

amount  of  aerylamide  monomer  ' ^ ' ' ^ ' " ^ i f l ^ Z l c S t e m Z o u S r S z c ™ ^ ™ * * ^  
J ^ ^ ^ « Z n ^ t ^ X « ^ * Z ^ l ™   *>  to  aO'C  ,o  torm  .  -  

acrylamide  prepared  in  accordance  with  the  process  of  -ttu  @  " « J g n .   s^ch  ^ S   water  and  waste  water 
*  S s ^ r a ^ ^ ^   -   —   *   -   retention 

^ S X ^ ^   Of  OADMAC  « « - 5 ^ '   Sn?  O T S  

^ p ^ i S S ^ ^ I ^ e ^ ^ ^  

molecular  weight  oopolymors  of  DADhMC  ^ « « ^ ^ ^ r 5 ^ S ^ o ^ ^ w I t t .   this  invention 
di/g.  More  particularly,  OADMAC  and  acryiamide  oopdym  w  ^ ' * J ^ J l S S b y   fh0Se  skilled  in  the  art 

*5  that  have  intrinsic  viscosities  rang.ng  from  15  to  20  .d  tfg  " ^ ^ " ^ J J ^   tJe  intrinsic  viscosity,  the 
that  intrinsic  viscosity  is  an  indication  of  polymer  molecular  wei  ght  TJJ».  We  "«JJ 
greater  hi  the  molecular  weight  of  the  particular  polymer  or  - « g j ^   prepare^  ^ ^   car1 

When  prepared  in  accordance  with  the  teachings  ̂o  * ^ S o ^ f f i   I « K   copolymers  are  prepared 

60  
^ S ^ X t ^ ^   DADMAC  »  a^lamlde  rati0 

throughout  the  emlre  length  of  the  cc  » * ™ '   < * J J ' ^ r t m U ,   ™0|yrnars,  having  a  uniform  distribution 
, h r ™ " V , ^ ^ ^ ^  

;  OP  DIALLYL  DIMETHYL 
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with  respect  to  the  DADMAC  monomer.  This  difference  in  reactivity  results  in  a  non-uniform  distribution  of  the 
DADMAC  monomer  throughout  the  copolymer  chain.  Thus,  at  the  onset  of  the  copolymerization  reaction,  a 
relatively  larger  number  of  acrylamide  monomer  units  are  initially  incorporated  into  the  polymer  chain  due  to 
the  greater  reactivity  of  the  acrylamide  monomer.  Accordingly,  at  the  conclusion  of  the  copolyrnerizaiion 
reaction  relatively  more  of  the  DADMAC  monomer  units  remain  unused  and  remain  either  as  free  monomer,  or  5 
form  low  molecular  weight  homopolymers.  These  excess  DADMAC  monomers  or  low  molecular  weight  ; 
DADMAC  homopolymers  remain  either  as  a  residual  mixture  or  they  become  incorporated  within  the 

copolymer  chain,  which  results  in  a  non-uniform  distribution  of  copolymer  units  throughout  the  copolymer 
chain.  This  is  particularly  true  in  the  case  of  copolymers  wherein  the  final  DAPMAC  content  is  greater  than  20 

percent  on  a  molar  basis  of  the  total  eopolymer  content.  10 
A  further  difficulty  in  the  preparation  of  high  molecular  weight  linear  copolymers  of  DADMAC  and  acrylamide 

is  due  -to  the  manner  in  which  the  DADMAC  monomer  polymerises.  Normally,  the  DADMAC  monomer 
polymerizes  by  incorporating  both  of  the  ally!  bonds  within  the  same  molecule  to  form  a  linear  polymer  chain.  A 
small  proportion  of  the  DADMAC  monomer,  however,  can  polymerize  via  the  incorporation  of  only  one  of  its 
allyl  bonds,  thereby  leaving  a  pendant  double  bond  remaining  in  the  molecule.  These  pendant  double  bonds  15  . 
can  subsequently  initiate  branching,  particularly  at  higher  temperatures!  to  produce  cross-linked  polymers 
that  have  a  reduced  solubility  in  water,  see  Jaeger  et  al.,  Journal  of  Macromoiecular  Science,  Part  A  Chemistry, 
593-614,  (1984). 

This  greater  reactivity  of  the  acrylamide  monomer  in  combination  with  the  tendency  of  the  DADMAC 
monomer  to  polymerize  via  branching  or  cross-linking,  results  in  the  formation  of  non-linear  DADMAC  and  20 
acrylamide  copolymers  having  relatively  low  intrinsic  viscosities,  and  which  are  not  particularly  well  suited  as 
flocculants  in  water  and  waste  water  systems  for  sludge  conditioning,  or  as  drainage  and  retention  aids  in  the 
manufacture  of  paper.  These  problems  have  been  overcome  by  means  of  the  present  invention,  which  enables 
the  preparation  of  high  -'molecular  weighl,  linear  copolymers  of  DADMAC  and  acrylamide  of  uniform 
composition  that  have  little,  if  any,  branching  and  cross-linking  in  the  polymer  chain.  (  25 

In  general,  the  process  of  this  invention  essentially  utilizes  a  controlled  addition  or  stage-addition  of  the 
acrylamide  -monomer  during  the  eopolymerization  reaction.  Surprisingly,  it  has  been  discovered  that  this 
continuous  stage-addition  of  the  acrylamide  monomer  produces  high  molecular  weight  copolymers  of 
DADMAC  and  acrylamide  which  heretofore  have  not,  as  yet,  been  available.  Additionally,  copolymers  having 
high  DADMAC  conversions  can  be  prepared  that  contain  a  uniform  distribution  of  DADMAC  and  acrylamide  30 
monomer  units  throughout  the  entire  length  of  the  copolymer  chain  with  little,  if  any,  residua!  DADMAC  or 
acrylamide  monomer  remaining  in  the  finished  product.  In  addition,  the  process  of  this  invention  also  utilizes 
the  addition  of  a  chain  transfer  agent  to  prevent  branching  and  cross-linking  of  the  polymer  chain  from 
occurring,  paticulariy  at  elevated  temperatures.  "= 

To  initiate  copolymerization,  a  portion  of  the  acrylamide  monomer  is  added  to  the  total  amount  of  DADMAC  35 
monomer  that  is  required.  In  general,  about  12  to  20  percent  of  the  total  amount  of  acrylamide  is  initially  added 
to  the  reaction  mixture.  More  particularly,  from  15  to  17  percent  of  the  total  amount  of  acrylamide  monomer 
required  is  generally  added  to  initiate  copolymerization.  The  copolymerization  reaction  of  DADMAC  and 
acrylamide  is  an  exothermic  reaction.  Thus,  once  copolymerization  begins,  the  temperature  of  the  reaction 
mixture  rapidly  increases.  At  this  point  the  remaining  amount  of  acrylamide  monomer  is  introduced  to  the-  40 
reaction  mixture  via  a  process  of  stage-addition.  After  all  of  the  acrylamide  monomer  has  been  stage-added  to 
the  reaction  mixture,  a  chain  transfer  agent  is  added  in  order  to  prevent  any  branching  or  cross-linking  of  the 
polymer  chain  from  occurring.  @  * 

The  copolymerization  reaction  is  conducted  in  solution  in  the  presence  of  a  suitable  solvent..Suitable 
solvents  include  water,  primary  alcohols  having  from  1  to  4  carbon  atoms,  and  aqueous  mixtures  thereof.  The  45 
use  of  lower  alcohols  has  the  advantage  that  It  can  provide  a  granular  product  that  is  easier  to  handle  and  that 
can  be  more  readily  dried.  However,  inasmuch  as  both  the  starting  materials  and  final  products  are  soluble  in 
water,  water  is  generally  the  solvent  of  choice. 

Sufficient  water  should  be  employed  to  facilitate  polymerization  and  to  homogeneously  dissolve  all  of  the 
components  of  the  reaction  mixture.  Aqueous  monomer  solutions  containing  from  40  to  70  percent  of  50 
monomer  can  advantageously  be  employed  as  starting  solutions.  Preferably,  aqueous  monomer  solutions 
containing  from  50  to  60  percent  monomer  are  generally  employed.  If  necessary,  additional  water  can  be 
added  to  the  reaction  mixture  during  the  course  of  the  reaction  in  order  to  provide  optimum  conditions  for 
polymerization  and  adequate  mixing. 

One  important  aspect  of  this  invention  Is  that  copolymers  of  varying  cationicities  can  be  precisely  prepared  55 
in  accordance  with  the  process  of  this  invention.  The  greater  the  number  of  DADMAC  units  introduced  into  the 
polymer  chain,  the  greater  will  be  the  cationiciiy  of  the  resulting  copolymer.  Thus,  copolymers  useful  as 
cationic  flocculants  in  water  clarification  systems  or  as  sewage  dewatering  agents,  require  copolymers  having 
a  higher  degree  of  cationicity  than  cationic  flocculants  useful  as  drainage  and/or  retention  aids  in  the 
manufacture  of  paper.  The  copoiymers  contemplated  by  the  present  invention  range  from  5  to  95  mole  percent  60 
cationicity.  That  is  to  say,  in  a  copoiymer  consisting  of  100  monomer  units,  the  copolymers  described  herein 
comprise  from  about  5  to  95  DADMAC  monomer  units,  and  conversely  from  about  95  to  5  acrylamide 
monomer  units.  Preferably,  copolymers  comprising  from  about  5  to  75  mole  percent  cationicity  can  be 
prepared.  Still  more  preferably,  polymers  having  from  10  to  50  mole  percent  cationicity  can  be  prepared  in 
accordance  with  the  teachings  of  this  invention.  6S 
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The  period  of  time  during  which  stage  addition  occurs  is  dependant  upon  the  amount  of  I  ° ™ A C   monorner 

un  ts  that  are  to  be  introduced  into  the  polymer  chain.  Thus  a  copolymer  having  a  10  mote  percent  ca  on  c  y 

requires  approximately  one  hour  of  stage  addition,  whereas  a  copolymer  having  30  mole  percent  ^t.onKrty 
Su  es  apSmate ly   3  hours  for  stage  addition  to  take  place.  Copoiymers  havmgup  to!  Wjjoto  p«j*nt  

5,  catonicity  require  approximately  8  hours  for  stage  addition  to  take  place,  ^ s e   penods  of  time  vj,  of  course 
 ̂ vary  slightly  depending  upon  the  type  and  design  of  reactor  employed,  he  degree,  *  m ^   *™  ™  

temperature  at  which  the  copolymerization  is  conducted.  For  large  scale  preparat.ons  he  pa  icular 
paTamSers  to  bremployed  can  be  optimized  via  standard  procedures  known  to  those  skilled  m  the  art  
P™\age-added   ^ a m i d e   monomer  solution  I,  continuous  introduced  in  such  ,  o ™ r   Jat  a  Shgh  !y 

in  decreasing  feed  rate  Is  achieved  throughout  the  total  period  of  stage  addition.  Thus,  for  example,  during  tne 
10  S S ^ ^ C S t o d   for  stage  addition,  approximately  30  to  35  Percent  of  the  - ^ ^ J ^  

solution  isstaae-added-  during  the  second  quarter  of  the  stage-addition  penod,  25  to  30  percent  or  me 

solution  Is  stage-added;  and  the  final  15  to  20  percent  of  the  acrylamide  monomer  wkrtion  is  "Jroduoe  d 

75  during  the  final  quarter  of  the  stage  addition  period.  For  the  production  of  large  quantities  of  copoiymers,  a 

metering  pump  can  be  advantageously  employed.  ,  . ,„„   n̂nKun  tn 
The  copolymerization  reaction  is  generally  initiated  using  free  radical  polymerization  techniques  known  to 

those  S e d   in  the  art.  Compounds  which  form  mainly  water  soluble  radicals  •»  suitable  «  P ^ ^ S T  
nKiators  For  example,  azosiarters  such  as  2l2-azQbMNX-dimethylene-!sobutyrarnidlne}  dihydrochloride, 

^ S ^ ^ ^ S ^ ^ S t   employed,  as  for  examp.e,  ^ n z o y .   peroxide. 

25  d i l a l r ^ ^   dicyolohexyiperoxydicarbonate,  b.s-  4-tert  butylcyclohe- 
S)pe  oSdlcarbonate,  tort,  b  Jtylperplvalate,  tert.  butyl-perbenzoate,  tert  ^ ^ ^ J ^ ^  
peroxide  tert  -butylhydroperoxide,  hydrogen  peroxide,  ammonium  persulfate,  potass  urn  persulfate,  sodium 

oersu  fate  and  redox  catalysts  in  combination  with  reducing  agents  such  as  iron(ll)-ammon,um  sulfate, 
m S ? :   acM  sodium  me?hyl  suffinate,  disodiurn  dlsulfite  and  sodium  hydrogen  sulfite  can  be  employed. 

30  These  initiators  can  be  used  either  alone  or  in  combination  with  one  a n o t h e r . . . . . .   ^it;nn  rtf 
The  ate  S  decomposition  of  the  more  readily  decomposed  peroxides  can  be  ^ ^ ^ J * 1 ^  

orqanic  metal  complex  compounds,  as  for  example,  copper  acety!  acetonate.  Thus  the  rate  Jf  perwade 
Somposmon  an  be  adapted,  for  example,  to  the  partto.hr  polymerization  ^ ^ t S ? 2 S l  

Ut  l i t te ry   important  to  keep  the  reaction  mixture  wall  mixed  and  in  intimate  contacl  :  wfth  J ^ J g ^ J S J  
ah  acrvlamide  monomer  throughout  the  entire  stage-addition  process,  in  order  to  obtain  a  homogeneous 

2 ? b u £ n   of  SadMAC  throughout  the  copolymer  chain,  msuffioient  mixing  results  in  « ™ S S h f l W  
-  polymerization,  whereas  too  rapid  or  too  intensive  mixing  results  in  polymer  degradation.  Adequate  mix  ng  of 

-  t h e S S S   mixture  is  of  particular  importance  in  the  latter  stages  of  the  oopo.ymenzat.on  due  to  the 

is  ^ T h t d t g r n n d   amount  of  mixing  required  to  homogeneously  blend  the  reactton  ,  J ^ « j j   ̂  
depending  upon  the  size  and  the  shape  of  the  particular  apparatus  employed.  Reaction  "»«@«  used  im  the 

:  p S S S S n   of  gels  or  other  similar  materials,  that  provide  intimate  m«ing  and  kna  ̂ " " J t a j j   @ J J J  
r  Lra  particularly  well  suited  to  this  process.  During  the  latter  stages  of  pdymanzauon  @  -Jjl  ~  ^ I ™ ' ^  

becomes  progressively  more  and  more  viscous.  This  gel  solution  may  require  additional  water  as  well  as 

60  additional  mixing  time  in  order  to  obtain  a  homogenous  reaction  mixture  
preferably 

The  optimum  temperature  at  which  polymerization  occurs  ranges  from  20  to  50  C.  J ™ ™ * -  

» Z   "deed,  one  of  the  qutfltatm  tests  for  the  dsgree  of  branching  and  cross-takmg  for  this  type  of 

»   
T n S u ^ t h f p o ^ S r s ^ o , ,   is  exoth.^io  ,„  n«ur,,  .on.ro,  o,  the  reason  % * * £ £  

65  acrylamide  monomer  solution,  the  reaction  mixture  preferably  is  stirred  for  an  additional  30  m.nutes  to  1  hour 
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at  a  temperature  of  35"C  in  order  to  complete  polymenzatioa  atmospheric  pressure 
After  the  completion  of  the  potymenation  n ^ ° ^ ^ ^ ^ ^ Z   cSnain  transfer  agent  is  added 

utilizing  nitrogen  or  some  other  inert  gas.  A  ^ ^ ^ " ^ ^ " S k i n g   from  occurring.  Suitable  chain 
to  the  gel  solution  with  mixing  in  order  to  P ^ . ^ J ' " ;   J ^ ^ '   \T5Ltb0n  atoms,  mercaptoethanol, 

w K K d ^ ^ ^  

that  temperature  for  a  period  of  from  0.1  to  «   hours.  Thispwri  rf  ̂ a 9 n f   ™'h  respect  10  any  residual 
^ Z ^ Z I Z ^ X ' " ^ " ^   7 .   prepaid  that  are  e n —   aily 

^ ' m i x t u r e   — o   the  « • *   P ^ ^ J i ^ . ^ K t S ! ?   J S S S S   £ S  
Alternately,  prior  to  drying,  the  9 » ?   °J"  b ^ * ^ Z   r ^ s T o r   drying,  as  for  example,  .fiuidized 
stap.  The  product  so  prepared  can  be  dried  using  any  we»  mom  "<•@  

Droduct  is  obtained  as  a  whits, 
brt  .  a  circulating  air  conveyer  »a=uum  drying  or  mfflro™™  drymg.  The  dned  produ  

^ ^   ^  
granular,  pourable  material,  which  IS  completely  soluble  m  i  wate  ^an  a  wn  

^  

monomer  incorporation  into  the  final  copolymer. 

(1)  Solubility  in  Methanoj  nAnnjiAr  nnntpnt  areater  than  30  mole  percent  are 
Lfep5&fi£^reADHfcC  and  acrylamide  having  ^ ^ ^ ^ ' n S S i n o l .   if,  In  addition,  the 
soluble  in  methanol.  Copolymars  in  the  range  o  30  me*  j  f ^ c e ^ r ^ ° ^ n t e n t   as  we,,  aS  the  homopolymer 
methanol  contain.  10  to  20  P ^ ^ S ^ K S ^ ^ ^ t   m S ^ I   and  20  percent  wate,  The 

S C M S S ^ ^   these  " * " *   
@ 

{ 2 L £ 2 ! ! f ^ B ^ ! ° I L j y ^ ^   «/10A)  41-6(1982)  the  cationicity  of  the  various 

suspensions  that  are  proteinaceous  in  nature  or  the  dewatenng  or  suspei  prT,rA««vi  sp.wsofi- 

disposal.  Dewatering  can  be  effected  by  the  addrtton  of  c « w   ropr«  t  
suspens-1Ons  is  usually 

fioccuianting  agent  prior  to  the  e ^ J f ^ ^ ^ ^ ^ ^   ranging  from  0.01  to  1 
effected  by  the  addition  of  an  aqueous  solute  ofthe  P ° ^ ™ £ £   J  of  copolymer  solution  is  employed. 
^ S S X ^ Z ^ ^ ^ ^ ^ " ^   —   ^  p V   P-  - I   weight  of 

- S c ^ e r ,   of  this  inVenr  are  ^ J ^ J J ^ ^ S S S T ^ ^  
manufacture  of  paper,  and  in  the  dewrtenng  of  ^ r u ^ a e ™ S m S P p r i O r   £  discharge  of  the  effluent,  or 
include,  for.  example,  treating  aqueous  waste  water  from  a  _  

W«*mrt  %™™  sUS9pensidns  of  cellulose 
s £ s ^ = ^ a o i r c ? n s r s = ^  

T & Z & S l i   cWmed  herein  is  mor.  particularly  illustrated  In  f u n c t i o n   with  the  Mowing 

examples,  which  are  not  Intended  to  limit  the  invention  in  any  way. 

^ f e l g o t a e O p e r c e n t a d u e o u ^ l u t i o n ^ A P M A C i s ^  

i ^ 5 S S J S i a ^ S . S   -   l ^ b ^ l ^ n e i s o b u t y r a m i d i n e ,   dihydrcohloride,  69  o, 

10 

IS 

so 

25. 
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2  2'-azobis{2-amidinopropane)  dihydrochloride,  and  27  g  of  sodium  persulfate  in  a  30  liter  horizontal  reaction 
% £   equ  ipped  with  a  mixing  shaft,  heating  jacket,  vacuum  control,  reflux  condenser  and  inlet  P " * ^   **0« 

addition  The  reaction  mixture  is  deoxygenated  by  repeatedly  evacuating  the  system  and  purging  it  with 

nitrogen.  This  process  is  repeated  two  additional  times  to  insure  complete  decatenation. 
5  The  reaction  mixture  is  heated  with  stirring  to  initiate  polymerization.  Once  polymerization  beg  ins  the 

reaction  is  evacuated  to  50-55  millibars  in  order  to  maintain  a  close  ^ P ^ ^ '   ^   . S 2 S S  
reaction.  As  soon  as  an  Increase  in  temperature  is  observed,  the  remaining  1  1*2  kg  of  a  50  percent  aqueous 

solution  of  acrylamlde,  and  an  additional  3.0g  of  2,2<-a2obiS  (N.N'-dlmethylene.sobutyram^ne)  dihydro- 

chloride  in  water  is  added  over  a  period  of  one  hour,  via  stage-addition,  with  constant  stirnng.  The  feed  rate  .s 

10  ad  usted  so  that  approximately  29  percent  of  the  acrylamid,  solution  is  added  ^nng  the  first  quar  er  of  he 

total  time  period,  26  percent  is  added  during  the  second  quarter,  24  percent  during  i  the  th  rd  quarter  and  the 

remaining  21  percent  of  the  acrylamide  solution  is  added  during  the  last  quarter  of  the  total  time  period  of  one 

h°After  all  of  the  acrylamide  monomer  solution  has  been  stage-added,  the  reaction  mixture  Is  stirred  for  an 

*  additional  40  minute,  while  maintain^  the  reaction  temperature  at  35°  C.  The  react.cn  ̂ vessel  s  brought  to 

atmospheric  pressure  with  nitrogen  and  0.5  kg  of  a  10  percent  aqueous  sodium  hypophosphite  aolut  on  is 

added  to  the  gel  solution  over  a  30  minute  period,  taking  care  to  mix  the  sodium  hypophosphite  solution 
^ S ^ ^ S f f S L , -   ^e   t e m p e r ^   of  the  reaction  mixture  is  raised  to  75"C  and  mamtamed  for  a 

period  of  2  hours  to  effectively  reduce  any  residual  monomer  that  r e m a i n s . .  
20  The  gel  mixtures  discharged  into  a  simple  granulator  and  dried  in  a  fluid  bed  drier  at  90=  C  for  50  minutes  to 

produce  a  dry,  white  granular  copofymer  comprising  10  moleperoent  cationicty  ar̂   _d  having  a  untorm 

distribution  throughout  the  polymer  Qhain.  This  copolymer  has  an  intrinsic  viscosity  of  16  dl/g  when  measured 
fn  4  percent  sodium  chloride  solution  at  25°C  using  a  Brookfield  LVT  with  a  UL  adapter  The  actual  crton  c t y  

as  determined  by  potassium  polyvinyl  sulfate  titration  shows  a  cationicity  of  1.24  eq/kg  w  compared  to  a 

25  leoJScTcationirty  of  1  .25  eq/kg  (99  percent  DADMAC  conversion).  The  copolymer  is  soluble  ,n  water  and 

insoluble  in  methanol. 

gXFo]lowing4sentially  the  same  procedure  as  in  Example  1,  but  making  the  equivalent  substitutions  shown 

30  below,  copoiymers  of  varying  cationicities  are  obtained.  All  weights  are  expressed  in  kg. 
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3  4 

7.57  11.57 
Example  2 

Initial  DADMAC  4.33 
charge  (60  <Vb 
solution) 
Initial  Acrylamide  1.87 
charge  (50  °/o 
solution) 
Water  3.60 
Pentasodium  salt  of  0.023 
diethylenetriamine- 
pentacetic  acid 
(40  %  solution) 
^azobls-  0.005 

^2-amidine-pfo- 
pane)-dihydro- 
chloride 
Sodium  persulfate  0,027 
212'-azobis{NlN-di-  0.002 
methylene-isobuty- 
'ramidlne) 
dlhydrochloride 
Stage  addition-50  o/o  10.13 
.acrylamide  solution 
Stage  0.003 
addition-S.^-azobis- 
(N.N'-dimethylene- 
isobutyramidine) 
dihydrochloride 
Sodium  0.5 
hypophosphlte  (10  <Vo 
"solution-) 
Reaction  35 
Temperature  (°C) 
Stage  Addition  (hrs)  2 
pH  of  reaction  7 
mixture 

1.56  1.08 

3.05  1.98 
0.023  0.022 10 

0.005  0.005  0.005 
15 

0.027  0.027 
0.002  0.002 20 

7.75  5.30 

0.003  0.003 

0.5  0.5 

35  35 

25 

20 

35 
3 
7 

4 
7 

The  copolymers  of  DADMAC  and  acrylamide  so  obtained  have  the  following  properties: 40 

Cationicity  (mole  o/o)  16  30  @  50 
Cationic  Titration  ' 
(eq/kg) 
Theoretical  1.87  3.05  4.3 
Actual  1.73  2.6,  3.8 
DADMAC  92.5  85  -'  89.3 
Conversion  (o/o) 
•Intrinsic  Viscosity  12.8  12.5  13.3 
(dl/g) 
Solubility  Water  sol  sol  -'  sol 
Solubility  Methanol  insol  "inso!  sol 

*  4  0/o  NaCI  at25°C 
*  *  Sol  80  o/o  methanol  /  20  o/o  water 

45 

SO 

5$ 

60 Comparative  Examples  5-8 
Following  essentially  the  same  procedures  described  in  Examples  1-4,  but  without  the  stage  adding  of  the 

acrylamide  monomer,  copolymers  having  the  following  properties  were  obtained. 
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50 10  16  30 Catloniclty 
(mole  o/o) 
Catlonic  Titration 
(eq/kg) 
Theoretical 
Actual 
nAnMAf: 
Conversion  (%) 

4.3 
2.09 

48,7 

1.25  1.87  3.05 
0.40  0.S7  1.37 

3?  36,1  45 
w 

As  evidenced  by  the  poor  rates  of  DADMAC  conversion  and  corresponding  lack  of  catwmcny.  these 

non-uniform  copolymets  of  DADMAC  and  acrylamide  are  unsuitable  as  floeculants  for  sludge  conditioning  in 

15  the  treatment  of  municipal  and  industrial  water  waste  systems. 

^Slowing  essentially  the  same  procedure  described  in  Examples  1-4,  but  omitting  the  use  of  sodium 

hypophosphite  as  a  chain  transfer  agent,  crossllnked  DADMAC  and  aorylamlde  copolymers  are  obtained 

20  which  are  insoluble  in  water.  Such  copolymers  are  not  suitable  for  use  as  flocculating  agents,  due  to  their  lack 

of  solubility. 

Claims 
25 

1  A  process  for  the  preparation  of  a  water-soluble,  linear  copolymer  of  diallyl  dimethyl  ammonium 

chloride  [DADMAC)  and  acrylamide  having  a  uniform  DADMAC  to  acrylamide  ratio  comprising  the  steps 

(a)  initiating  the  copoiymerization  of  a  stirred  mixture  of  DADMAC  monomer  by  heating  with  a 

portion  of  the  total  amount  of  acrylamide  monomer  required  in  a  solvent  solution  ; 
(b)  adding  to  said  stirred  monomer  solution  the  remaining  acrylamide  monomer,  by  continuous 

addition  to  form  a  homogeneous  ge!  solution; 
{c)  homogenously  mixing  a  chain  transfer  agent  in  said  gel  solution  to  form  a  gel  mixture  , 
(d)  heating  said  gel  mixture  to  minimize  residual  monomer  content;  and 
(e)  drying  said  gel  mixture,  , 

2  A  process  as  claimed  In  Claim  1  ,  wherein  the  solvent  is  water  or  C1-C4  pnrnary  alcohol. 
3  A  process  as  claimed  in  Claim  1  or  Claim  2.  wherein  the  polymerization  temperature  is  30  to  40  C. 

A.  A  process  as  claimed  in  any  one  of  the  preceding  claims,  wherein  15  to  17  percent  of  the  total  amount 

of  acrylamide  monomer  is  added  to  step  (a).  sM  rM<1i™n 
5  A  process  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the  addition  of  the  said  remaining 

acrylamide  in  step  (b)  is  over  a  period  of  0.5  to  8  hours  at  a  temperature  of  20  to  50°  C. 
6  A  process  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the  said  remaining  acrylamide  is 

addedinsuchamannerthatadecreasingfeedrateisachievedovertheperiodofadditiom 
7.  A  process  as  claimed  in  Claim  6.  wherein  30  to  35  percent  of  the  acrylamide  is  added  during  the  firs 

quarter  of  the  said  addition  period,  25  to  30  percent  is  added  during  the  second  quarter,  20  to  25  percent 

is  added  during  the  third  quarter,  and  15  to  20  percent  is  added  during  the  final  quarter. 
8.  A  process  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the  chain  transfer  agent  is  sodium 

hyg°  ?   
process  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the  heating  of  step  (d)  is 

" t f i S S S S m   2 E ? " £   « " 3 k   prsceang  < M «   — *   °ADMAC  *  « * » * . . * .   *  

*?!?  A  process  MdSmed  in  any  one  of  Claims  1  to  9,  wherein  the  DADMAC  to  acrylamide  ratio  is  from  25 

t o i ? r ! * t K L .   linear  copolvmer  of  diallyl  dimethyl  ammonium  chloride  (DADMAC)  and  acrylamide 

having  a  uniform  DADMAC  to  acrylamide  ratio  and  an  intrinsic  viscosity  or  fmm  10  to  **  <«/g  a.  

determined  in  a4  percent  sodium  chloride  solution. 
13  A  copolymer  as  claimed  in  Claim  12,  wherein  said  intrinsic  viscosity  is  from  15  to  20  di/g, 
14  The  use  of  a  copolymer  as  claimed  in  Claim  12  or  Claim  13  as  aflocculant  for  aqueous  suspension. 
15̂   The  use  of  a  copolymer  as  claimed  in  Cfaim  12  or  Claim  13  as  a  drainage  or  retention  aid  in  paper 

manufacture. 
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